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RESUMEN 

La galaxia M82 debido a su gran actividad de formation estelar y a su cercama a la Via Lactea ha sido objeto de 
multiples estudios. Empleando imagenes de M82 que cubren diferentes bandas del espectro electromagnetico, 
hemos logrado determinar la edad y extincion de la poblacion estelar localizada en regiones con fuerte emision 
ultravioleta (UV), estas regiones se encuentran en el micleo y en el disco de M82. Ademas, usando las imagenes 
de la emision UV de M82 y las propiedades de sus cumulos cstelares hemos cuantificado la contribution de 
estos al flujo detectado en esta banda. Encontramos que en regiones nucleares la emision UV es debida a los 
ciimulos cstelares, mientras que en el disco su contribution disminuye a valores cercanos al 10%. Los resultados 
obtenidos nos han conducido a inferir que las estrellas de campo del disco de M82 pudieron haber sido parte 
de algiin ciimulo estelar cuando nacieron. 

ABSTRACT 

The M82 galaxy has been the subject of several studies basically because it is relatively close to to the Milky 
Way and it displays a strong star formation activity. Using multi-band images of M82 we have determined the 
age and extinction of the stellar population located in regions with strong UV emission, these region are in the 
nucleus and the disk of M82. We also have employed the UV images of M82 and the physical properties of 
its stellar clusters to measure the contribution of the clusters to the detected UV flux. We found that clusters 
located in the nuclear regions are emitting all the observed UV flux, whereas clusters of the disk emit less than 
~10%. Based on the results obtained from this work we can infer that the field stars located in the disk of 
M82 could have been part of a stellar cluster when they were born. 
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1. INTRODUCTION. 

The ultraviolet (UV) range of the spectral energy 
distribution is a well known window to perform stud- 
ies of several kinds of astrophysical p henomena, e.g 



classifications of celestial sourc es (see Bianchi ct al 
2007), star formation (s ee [R osa- Gonzale z et al 
20071 ). galaxy evolution (see lKavirai et al l2007h . etc. 

During the last five years, the Galaxy Evolution 
Explorer (GALEX) has been retrieving a wealth of 
information covering the UV interval. This observa- 
tional data can be used to map recent bursts of star 
formation. It is commonly accepted that star clus- 
ters bo£n_«nbedded_within giant molecular clouds 
fsee lLada fc Lada 120031 for a complete review), emit 
strongly in the UV, and form large HII regions. The 
star clusters experience several disrupting processes 
along their evolution which hinder our understand- 
ing of the role played by these objects in the galac- 



tic evolution (see lde Griis &; Parmentierll2007h . The 
UV images of galaxies that contain a wide set of star 
clusters can be of great help in this direction. 

M82 (NGC 3034) is an edge-on spiral galaxy 
classified recently w ith a morphological SBc type 
dMavva et all l2005h . It is part of an intera cting 



group of galaxies (see iChvnoweth et al.l I2008D at a 
distance of 3.63 Mpc (|Freedman et al.l 1 1994). The 



interaction between M82 with the biggest member 
of the group (M81) about one gigayear ago brought 
an inte nse burst of star fo rmation in the entire disk 
of M82 (jMavva et al.ll2006h . Images of M82 obtained 
by GALEX display regions with strong UV emission, 
which are distributed along the disk of the galaxy 
as well as in t he pe rpendicular direction. Recently 
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(120051) showed that the UV emission 
aligned with the minor axis is the stellar light scat- 
tered by dust, and gas which has been shock-heated. 
However, the UV flux detected along the disk is ba- 
sically light emitted by field stars and star clusters. 



Mavva et al. ( 20081 ) detected 653 star clusters dis- 



tributed along the disk of M82, some of which are 



1 



2 



RODRIGUEZ-MERINO 



massive star clusters (> 1O 5 M ). It is possible that 
at least some of the observed disk UV emission is 
produced by these star clusters. 

We use the multi-wavelength data available to 
investigate the nature of the UV emitting regions lo- 
cated in M82. We also estimate the contribution of 
the star clusters to the UV emission of M82. In §2 we 
describe the observational data used. In §3 we show 
the results of the multi-wavelength study to trace 
the age and extinction of the most bright regions de- 
tected in the far ultraviolet (far-UV) image , and in 
section §4 we discuss the fraction contribution of the 
star clusters to the observed UV emission. Finally, 
we give our conclusions in §5. 

2. CONSTRUCTION OF SPECTRAL ENERGY 
DISTRIBUTIONS 

The data used cover a wide wavelength inter- 
val, from the far-UV to the near infrared (near-IR). 
The UV images used in this work are from GALEX 
archive and cover the far-UV (1350-1750 A) and 
near- UV (1750-2750 A) bands. The optical images 
were obtained from different projects. The image in 
the U band (3000-4100 A) was retrieved from the 
database of the Sloan Digital Sky Survey (SDSS), 
whereas the HST/ACS data in the F435, F555 and 
F814 bands were used as B, V and I images. For the 
near infrared data, we used the J, H and K images 
obtained with the Cananea Near-Infrared Camera 
(CANICA) attached to the 2.1 m telescope at Ob- 
servatorio Astronomico Guillermo Haro (OAGH). 

The disk of M82 presents large areas with strong 
UV emission whose nature is yet to be understood. 
We used the far-UV image to define 59 circular aper- 
tures distributed along the disk. Each aperture is of 
5" diameter, matching the full width half maximum 
(FWHM) of the point spread function (PSF) of the 
GALEXs detector. The selected regions enclose all 
the areas with strong far-UV emission. We point 
out that some of the bright complexes have several 
apertures associated with it. Figure [1] displays the 
positions of the apertures chosen. Aperture numbers 
between 24-32 and 36-39 correspond to the nuclear 
starburst. 

The zero-points associated with each image were 
used to convert counts to fluxes in order to con- 
struct the spectral energy distribution (SED) of the 
59 apertures. 

3. DETERMINATION OF AGE AND 
EXTINCTION 

The method used to estimate the age and extinc- 
tion of the stellar population inside each aperture is 
described below: 



Theoretical SEDs of simple stellar population 
(SSP) computed by the Padova Group H were 
employed in this work. The set of theoretical 
SEDs covers an age interval from 1 Myr to 1 
Gyr with variable age step. Models with so- 
lar metallicity were used. T hese models use 
Kroupa's IMF (|Kroupal Il998h . The flux inside 
each photometric band was synthesized by inte- 
grating the SED over the response curve of the 
corresponding bands. 



Each SED was reddened using iCalzetti et al 
(2000) extinction curves with a color excess, 
E(B-V), running from 0.0 to 2.0 mag, with steps 
of 0.1 mag. 

For each aperture a x 2- type method was used to 
find the best fit between observed and reddened 
theoretical SED. The function used to find the 
best fit was, 



E, flux 
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where i= far-UV,..., H, K. a° bs is the uncer- 
tainty of observed flux in the i band. The func- 
tion x 2 will have the lowest value (Xmin) f° r the 
best match. Currently, we are exploring another 
method to infer the stellar population properties 
and its errors. 

A typical problem related with the determination 
of stellar parameters using SEDs of stellar popula- 
tion is the age- extinction-metallicity degeneracy (see 
Wort he vl 119941 ) . However there are several works 
pointing out that the use of data covering a wide 
waveleng th interval is useful to overcome these prob- 
lems (see Bridzius et al. 20091 ). 

We fitted the observed SEDs of all the 59 aper- 
tures with SSPs of different age and extinction. Be- 
cause there are more than one SSP that reasonably 
fits an observed SED, we selected not only the best 
fit model, but also all those SSPs with \ 2 < 
corresponding to fits at 95% confidence level. In fig- 
ures [5] and [31 we display the results for apertures 5 
and 25 (see Fig. [T]). The black area corresponds 
to models at 95% confidence level. The SED pro- 
duced by the stellar population inside the aperture 
5 is best fitted with an SSP model of 300 Myr old, 
with a reddening of E(B-V)=0.4, and the stellar pop- 
ulation inside the aperture 25 is best fitted with an 
SSP model of 1.7 Myr old, with a reddening of E(B- 
V)=1.2. The resulting model SEDs are displayed 
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Fig. 1. This figure displays the position of the 59 apertures defined to study the flux emitted by the nucleus and the 
disk of M82. Labels correspond to remarked circles. 

superposed on the observed data in figures H and 
[51 respectively. Filled circles correspond to observed 
data, circles and continuous line to theoretical model 
of the best fit. Fluxes were normalized to the flux in 
the V band. 

In order to illustrate that the derived age and 
extinction are not affected by degeneracy we have 
also overplotted the theoretical SED of an SSP for a 
young population (10 Myr) in fig. [H and relatively 
older population (500 Myr) in fig. [5j in both cases 
SEDs being reddened with an absorption of A v = 1.0, 
3.0 and 5.0. It can be seen that in the case of a young 
population (e.g. region 25), the observed SED is not 
well fitted over the entire range of wavelengths with 
any less reddened model of an old population and the 
SED of an old population (e.g. region 5) is not fitted 
by a heavily reddened model of a young population. 

Following the method just described, we have de- 
termined the age and extinction of the stellar popu- 
lation inside each aperture. Figure [6] shows the trend 
followed by the age as a function of the distance to 
the galactic center. It is easily noticeable that all the 
populations younger than 60 Myr are located within 
a distance of 450 pc from the galactic center. Out- 
side this zone stellar populations are older than 100 
Myrs, with the oldest UV emitting populations hav- 
ing ages of around 400 Myrs. In the zone between 
0.5-1.5 Kpc there is an evidence of an age gradient. 



Aperture: 5 
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Fig. 2. The figure displays the results of the % 2 process 
used to determine the age and extinction of the stellar 
population inside the aperture 5. The contour lines en- 
close age and extinction values of fits with 68, 90, and 
95% of confidence level. 

Figure [7] displays the trend of the extinction with 
the galactocentric radius. In the nuclear area the A„ 
reaches values of ~5.0 mag, decreasing smoothly at 
larger galactocentric distances. 

It is important to stress that we are obtaining 
age and extinction for the stellar population within 
59 apertures located in the disk and nuclear parts 
of M82 using only the photometric data. We were 
able of constrain the values of both the parameters 
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Fig. 3. Similar to figure but for aperture 25. 



Aperture 



I JO) Q 




10000 
Wavelength (A) 



Fig. 4. The figure displays the fit between the observed 
spectral energy distribution of aperture 5 and the the- 
oretical SED of an SSP model 300 Myr old, reddened 
with A v = 1.6. A theoretical SED of 10 Myr, reddened 
with different values of A v is overplotted (dotted lines) to 
show that the age-extinction degeneracy is broken with 
the use of a wide interval in wavelength. 

within a small range. Our results are in agreement 
with the results obtained in previous works based on 
age and extinct ion sensitive spect roscopic features 



for the disk (see Mavva et al. 20061 ) and nucleus (see 



Forster Schreiber et alj|2001 ). 



4. UV EMISSION BY STAR CLUSTERS 

From the analysis of the previous section, it is 
clear that the UV flux observed by GALEX in the 
disk of M82 is contributed entirely from stars. In 
particular, in this galaxy it has been demonstrated 
that the disk co ntains rich popula tion of compact 
star clusters (see iMavva et al. 2008 ). So, one of the 
interesting questions is to investigate whether the ob- 
served UV emission comes from star clusters or field 
stars. In order to investigate this we have estimated 
the expected UV fluxes from all the clusters within 
apertures defined in this work. Typically, the disk 



Fig. 5. The figure displays the fit between the observed 
spectral energy distribution of aperture 25 and the theo- 
retical SED of an SSP model 1.7 Myr old, reddened with 
A v = 4.9. A theoretical SED of 500 Myr, reddened with 
different values of A v is overplotted (dotted lines). 
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Fig. 6. The figure shows the age of the stellar population 
in function of the distance to the galactic center. Positive 
distances correspond to the north east (NE) and negative 
distances correspond to the south west (SW). Vertical 
dotted lines indicates the nuclear area. 

apertures contain less than 10 clusters, whereas nu- 
clear apertures contain more than 10, with the aper- 
ture 28 containing as much as 80 clusters. We cal- 
culated the SED of each cluster based on the mass, 
age, and extinction estimated for each stellar clus- 
ter. The UV flux in the two GALEX bands of these 
SEDs along with the positions of the stellar clusters 
were used to construct two images at the pixel scale 
of the ACS camera. The high resolution images were 
convolved with a Gaussian kernel of ^5" of FWHM 
and rebined to match the image scale of the GALEX 
images. 

Figure [5] displays the far-UV image obtained by 
GALEX in which we have overplotted in contours the 
synthesized image representing the UV contribution 
of the star clusters only. The simulated image in gen- 
eral reproduces the observed large-scale structure in 
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Fig. 7. The figure shows the extinction in function of the 
distance to the galactic center. The central part of the 
galaxy is more extincted. Positive distances correspond 
to NE and negative distances correspond to SW. Vertical 
dotted lines indicates the nuclear area. 




Fig. 8. This figure displays the far-UV image of M82 ob- 
tained by GALEX, contour lines overplotted correspond 
to the far-UV synthetic image. The theoretical image 
was produced with the physical properties of the stellar 
clusters and the simple stellar populations models. 

the image. However, on the scale of a few parsecs 
especially in the disk, there are large differences be- 
tween the two images, i.e. there are regions with 
bright observed emission with negligible contribution 
from the clusters. Similar results were obtained for 
the image in the near-UV band. This could mean 
that in some regions of the galaxy the field stars are 
the most important sources of ultraviolet flux. 

Since the modeled UV flux using only the star 
cluster properties, does not reproduce all the UV 
flux of the disk detected by GALEX, it is interesting 
to estimate the percentage of ultraviolet flux emit- 
ted by the clusters in all the 59 apertures. Figures 
[9] and [10] display in the upper plots the comparison 
between modeled and observed UV fluxes in the se- 
lected apertures. The lower plots show the number 
of star clusters inside each aperture. The two dotted- 
vertical lines enclose all the nuclear regions. 



Fig. 9. The figure displays the comparison between mod- 
eled and observed far-UV fluxes as a function to the 
galactocentric distance. The upper plot shows the ra- 
tio between modeled to observed flux, each point corre- 
sponds to an aperture, and the lower plot shows the num- 
ber of star cluster inside the aperture. Positive distances 
correspond to NE and negative distances correspond to 
SW. The vertical dotted lines mark the nuclear region. 

It can be seen that the observed UV flux of ma- 
jority of the nuclear apertures can be completely re- 
produced by the star clusters, whereas typically only 
around 10% of the observed emission for the disk 
apertures can be attributed to the clusters. These 
results show that field stars, not clusters, are the 
principal contributers to the observed UV flux out- 
sid e the nuclear a rea. 

Meurer et all (|l995h . working with the HST UV 



images of nine starburst galaxies with several bright 
star clusters, found that 20% of the total UV lumi- 
nosity is emitted by the clusters. It may be noted 
that in our work we separate the UV contribution of 
stellar clusters based on their ages. This is uniquely 
possible in M82 because of the spacial segregation 
of extinguished young clusters from the not so red- 
dened old clusters. Our result that the contribution 
to the observed UV emission from super star clusters 
(SSCs) is 100% when young and decreases to ~10% 
when they are around 10 s yrs may imply that the 
clusters in the sample of Meurer are on average of 
intermediate ages. This illustrates the danger of ob- 
taining physical parameters for a sample of clusters 
with a wide distribution of ages. 

5. CONCLUSIONS 

We have carried out an analysis of the ultraviolet 
emission of the nucleus and the disk of M82. For this, 
we used the SEDs covering the far ultraviolet to the 
near infrared bands in 59 apertures of 5" diameter. 

Using the physical parameters of the star clus- 
ters located in M82 and theoretical models of simple 
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Fig. 10. Similar to figure [5] but for the near-UV band. 

stellar population, we have estimated the contribu- 
tion of the star clusters to the UV flux detected along 
the disk of the galaxy. We demonstrate that the star 
clusters located in the nuclear area produce almost 
all the UV flux, while in the disk the contribution of 
the star clusters is less than 10%. Given the fact that 
star clusters in the nuclear regions are young (~10 
Myrs) and in the disk are relatively older, the ob- 
served differences in the relative contribution (100% 
in nucleus vs 1-10% in the disk) imply that the clus- 
ter contribution to the observed UV flux decreases 
with age. Most of the UV emission from the disk 
comes from intermediate age field stars and not clus- 
ters. The synthesized UV image obtained from the 
parameters of the disk clusters resembles the ob- 
served image on kiloparsec scales, but not on scales 
of less than 100 parsecs. This, along with the fact 
that the observed UV emission comes from the disk 
stars suggests that these stars were once part of the 
clusters, and are now dissolved. 
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